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The view that an infective agent provides the initiating stimulus for the complex immunological and inflammatory process in the rheumatoid joint is attractive, but little or no definitive evidence has yet been produced to implicate either procaryotes or viruses. Several workers have failed to find either a cytopathic virus in synovial cells or evidence ofa substantial, productive, noncytopathic virus infection (reviewed by Marmion, 1975) . The remaining possibilities for persistent viral infection of the synovium include a defective, nonproductive, cytoplasmic infection, probably with an RNA virus, accompanied by formation of viral gene products that give a new antigenicity to the host cell. Alternatively, there might be integration of viral DNA into the host cell genome, again with expression of some genes giving rise to host cell modification. Such an integrated viral genome might originate directly from a DNA virus or be copied from an RNA template belonging to an oncoma or leucovirus by virus-coded RNA-dependent DNA polymerase (reverse transcriptase) (Baltimore, 1970; Temin and Mizutani, 1970 (Sarngadharan, Sarin, Reitz, and Gallo, 1972) .
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These discoveries have opened up new possibilities for the detection of oncorna virus genes in cells. Apart from this approach, general methods of demonstrating an oncorna virus include the visualization of C-type particles in thin sections of cells or tissues in the electron microscope, showing interspecies gs antigen in cells or virions, and the growth of virus or rescue of genetic markers in cell culture.
The present unavailability of an accepted human oncorna virus and lack of knowledge of the cell types that would support its multiplication restrict the different lines of investigation needed to detect and validate oncoma viruses as possible aetiological agents in rheumatoid arthritis (RA). However, morphological studies, examination for gs antigen, and assay for reverse transcriptase might be used to obtain at least preliminary indications ofviral activity. Various mammalian cell lines and human neoplasias have recently been investigated in this way (Spiegelman, Kufe, Hehlmann, and Peters, 1973) . Schumacher (1973) and Neumark, Hollos, and Farkas (1973) have reported the presence of C-type particles in thin sections of synovial membrane cells of patients with RA. Palmer and Myers (1973) attempted to show reverse transcriptase activity in a rheumatoid cell line with a questionable result due to the probable presence of a nuclease. However. Spruance, Richards, Ward, and Smith (1974) showed reverse transcriptase activity in cultured rheumatoid synovial cell strains and also found it in normal synovial cell strains.
In general, the demonstration of enzyme activity resembling that of a reverse transcriptase, unsupported by other evidence, cannot be taken as definitive (Bobrow, Smith, Reitz, and Gallo, 1972 ). An investigation of the nucleic acid polymerase activity of synovial membranes from patients with RA, degenerative arthritis, and other conditions has been undertaken to explore these problems and potential artefacts in a search for oncorna virus in RA.
Materials and methods
CLINICAL POPULATION (TABLE I) The synovial membranes from 25 RA patients undergoing synovectomy were used. Controls comprised membranes from 3 groups of patients. The first group of twelve had osteoarthrosis and the second group of four had secondary osteoarthritis. The remaining group, 'other conditions', contained twelve patients requiring arthrotomy after injury, 11 of these having torn menisci.
ENZYME EXTRACTS
Within 2 hours ofoperation the synovial lining membranes were dissected from the bulk of surrounding fibrous and fatty tissue and cut into very small pieces. The wet weight of the tissue varied from 0-2-5 g, and it was homogenized by hand or with a Potter-Elvehjem homogenizer in a small volume of 0 01 mol/l Tris-HCl buffer pH 8-0, containing 0 001 mol/l EDTA and 0-25 mol/l sucrose. These extracts were frozen and stored at -70°C. The cells were disrupted with Nonidet P-40 according to the method of Coffin and Temin (1971) , and the high-speed pellet suspended in a small volume of buffer used in the polymerase assay. Protein content was estimated by the method of Lowry' Rosebrough, Farr, and Randall (1951) . The extracts were stored in small aliquots at -700C and were normally used only once and not refrozen.
POLYMERASE ASSAYS
Assays were performed by the method of Temin and Mizutani (1970) using 0-125 pmol dGTP, 0-125 pmol dATP,0-125/,moldCTP, 2-5/,molphospho(enol)pyruvate, 10 ug pyruvate kinase (320 units/mg), 2 ,mol dithiothreitol (all from Sigma),0 8 %Nonidet P40, 1-25 pmol MgCl2, 2 5 pumol KCI, 2 5 pCi 3H-methyl-TTP (25 Ci/pmol, Amersham), 10, 20, or 40 pl enzyme preparation, and buffer (0-02 mol/l Tris-HCl pH 8-0 containing 0 33 mmol/l EDTA and 1-7 mmol/l 2-mercaptoethanol) to make a total volume of 140 pi. Incubation was carried out at 37°C for a period of between 45 and 120 min. Samples of 30 pl were spotted on filter paper discs at intervals of 15, 20, or 30 min. Filters were fixed in cold 10% trichloroacetic acid (TCA), washed 5 times in cold 10% TCA and then in cold ethanol before being air dried and counted in PPOtoluene scintillator in a Packard Tri-Carb liquid scintillation instrument.
For information on the nature of the primer or template, some samples were pretreated with 10 pg pancreatic ribonuclease (100 units/mg, Sigma) at 0°C for 10 min before adding the assay constituents. Ribonuclease had previously been heated at 70°C for 10 min to destroy any deoxyribonuclease activity.
The artificial templates/primers poly-deoxy-adenylicdeoxy-thymidylic acid (poly-d(A-T)) and polyadenylic acid decathymidylic acid (poly-A. dT1O) were used at concentrations of 0 07 OD260 units/ml (Boehringer Corp.).
The effect of actinomycin D was found by the addition of 50 pg/ml (Sigma) dissolved in polymerase buffer at the start of the reaction.
PRODUCT ANALYSIS Standard reaction mixtures as outlined above were scaled up to 0-6 ml and were incubated at 37°C for 20 min. The products were extracted with phenol-cresol and analysed on Cs2SO4 density gradients (Sarngadharan and others, (Gulati, Axel, and Spiegelman, 1972) .
Results
The crude enzyme extracts prepared by high-speed centrifugation were assayed for the presence of endogenous RNase-sensitive DNA polymerase. Table II shows the result of the assays done, first without ribonuclease, then after preincubation with this enzyme. The activities of the membranes are expressed as an increase in acid-precipitable counts per minute over the first 30 min of the incubation per mg protein.
Normally the mean value from two enzyme concentrations was recorded. With some membranes the incorporation of labelled nucleic acid precursors into acid-insoluble material was not a linear function of time after about 30 min. Fig. 1 shows the assay of membrane of Case 16, an RA patient. Some membranes, particularly from the patients without arthritis, showed no increase in acid-precipitable counts over the normal incubation period. In these cases, 40 gl samples of enzyme extract were used and the incubation continued over 2 hours, still with no demonstrable activity.
It may be seen from (Bobrow and others, 1972) , it was necessary to determine whether the activity in the RA membranes (in particular) was of this type or was a true viral RNA-dependent DNA polymerase.
It is known that crude preparations of viral polymerases prefer hybrid synthetic template/primers such as poly-A . d(T)Io to double-stranded DNA synthetic templates such as poly-d(A-T), while this is not true of the cellular polymerases (Goodman and Spiegelman, 1971) . The activity of some membranes was therefore determined in the presence of these two synthetic templates and, as shown in Table III, 30, and 45 min. Even at 7 min there was marked inhibition of incorporation into acid-insoluble product and this is illustrated for one membrane (Case 39) from the 'secondary' group in Fig. 2 . Table IV shows the inhibition in the 11 membranes tested.
Finally, an attempt was made to analyse the endogenous product of the polymerase system of Cs2SO4 and glycerol gradients. It proved difficult to obtain a membrane preparation of sufficient size and activity to do this satisfactorily. However, with the few membranes tried there was never any suggestion of the formation of an intermediate RNA-DNA hybrid. This should band at a density ofabout 1 66 g/ml on Cs2SO4 equilibrium density centrifugation (Sarngadharan and others, 1972) and have sedimentation coefficient of70S on a glycerol gradient (Gulatiand others, 1972) . All the radioactivity banded in the DNA region, that is with density around 1-41 on Cs2SO4 equilibrium density centrifugation and near the top of the glycerol gradient.
As the above results were not indicative of a viral RNA-dependent DNA polymerase, it was thought necessary to check the assay conditions using a known positive control. Use was made of a human glioma cell line transformed with Rous sarcoma virus, 118 MG-EH (Ponten and Macintyre, 1968 ) (kindly provided by Dr. Jan Ponten). A pellet was prepared from cell lysates as described for the synovial membrane cells. In this case there was stimulation of incorporation into acid insoluble material by at least fifteenfold in the presence of poly-d(A-T), and in addition poly-A. d(T)1o stimulated the activity by at least threefold.
There was still incorporation of 3H-TMP into acidinsoluble product over the first part of the incubation period in the presence of actinomycin D, although it eventually caused about 40% inhibition of activity. As with the membrane preparations, it was difficult to obtain sufficient product to analyse it on Cs2SO4 and glycerol gradients, though evidence suggested that a labelled intermediate RNA-DNA hybrid was being formed.
Discussion
It may be seen from Table II that 23 out of the 25 synovial membrane preparations from patients with RA had endogenous DNA polymerase activity. Although the dependence of the activity on RNA as shown by the sensitivity of the reaction to preincubation with RNase was variable, in most specimens it was substantial and in marked contrast to membranes from osteoarthrotic patients or traumatized joints. Thus, none of the membranes from the nonarthritic group showed any endogenous RNase-sensitive DNA polymerase activity. Of the osteoarthrotic patients the results were more varied; seven had no activity and the remaining five had some. In the group of patients with secondary osteoarthritis, three out of the four showed activity. The residual activity, after RNase treatment, is presumably due to cellular DNAdependent DNA polymerases present in the crude enzyme preparations.
The difference between RA membranes and controls could be explained in various ways. One of the characteristic features of the former is the proliferation of the synovial membrane and it is obviously difficult to obtain adequate control material in terms ofcellular composition for comparative observations. It is therefore necessary to consider whether the RNase-sensitive DNA polymerase activity found in RA synovial membranes is the product of an oncorna virus or if it is associated with the presence of a RNAprimed DNA polymerase of the type found in stimulated normal human lymphocytes (Bobrow and others, 1972) . Several characteristics of the membrane enzyme suggest that, in fact, it is more likely to be from lymphocytes than virus. Thus, activity of the enzyme was not stimulated by poly-A. d(T)1o, which is reported to increase DNA synthesis by viral reverse transcriptase, and actinomycin D inhibited the enzyme. These findings are the reverse of those described for viral enzyme and in line with our own control experiments with extracts from a human glioma cell line (118 MG-EH) containing the Rous sarcoma virus genome. Finally, although it was difficult to obtain satisfactory quantities of the nucleic acid product of the polymerase reactions given the low levels of enzyme activity in the membranes (compared with those in the virions) ultracentrifugal analysis of phenol extracts of the synthesized material on glycerol and caesium sulphate gradients did not reveal a RNA-DNA hybrid, only DNA of small sedimentation constants.
We were unable, therefore, to find evidence of the presence of an oncorna virus in RA synovial membranes in terms ofRNA-dependent DNA polymerase. This observation agrees with limited attempts by Grayzel (1973) , who used cultured rheumatoid synovial cells and was unable to show incorporation of isotopically labelled uridine into particles ofcharacteristic buoyant density on sucrose gradients; a marker for liberation of virus from cells.
It is not clear, however, from the literature whether failure to show reverse transcriptase is equable with the absence of an oncorna virus genome, or part of it, from a cell. The 118 MG-EH cell line and a hamster cell line, HT-1, transformed by murine sarcoma virus (Karpas, Cawley, Tuckerman, Flemans, and Hayhoe, 1971) both had viral reverse transcriptase. Although the former contains gs antigen, it is apparently free from virus particles (Macintyre, Grimes, and Vatter, 1969) , and neither virions nor gs antigen have been shown in the latter (Karpas and others, 1971) . On the other hand, Holder, Robey, and Vande Woude (1974) have shown with HBT-3 cells (supposedly a human breast tumour cell but with HeLa cell chromosomes) that reverse transcriptase activity is low except in cells treated with hormones and inducers; so perhaps the viral genes for the enzyme may not always be expressed and further experiments with rheumatoid synovial membranes and fibroblasts are necessary before final conclusions can be drawn. 
